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(54) Object detection apparatus and method 

(57) An object detection apparatus (1 0) and method 
which includes a radiation source in the form of an am- 
plifier (1 8) and a detection arrangement (12). The appa- 
ratus (10) has a tuner which sets a coherence length. 
The apparatus (1 0) detects an object (26) which is bur- 



ied/concealed at a depth, d, is beneath a surface (28) 
provided that the depth, d is less than the coherence 
length. 

To be accompanied, when published, by Figure 1 
of the drawings. 
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Description 

[0001] This invention relates to an object detection 
apparatus and a method of detection of an object. More 
particularly, but not exclusively, the invention relates to 
the use of radiometry in object detection. 
[0002] The detection of concealed objects, for exam- 
ple beneath clothing or buried underground is of impor- 
tance in fields as diverse as airport security, for example 
in the detection of explosives, and in missing persons 
searches, archaeological excavations and searches for 
remains, treasure hunts, and locating buried pipes and 
cables. 

[0003] One of the current techniques for detection of 
objects concealed under soil or earth employs ground 
probing radar (GPR) in order to detect the object. This 
does however suffer from the problem that it can be dif- 
ficult to discriminate radar reflections due to an object 
with a small radar cross-section, for example, made of 
a plastics material, from clutter and also from the large 
reflection due to the upper surface of the ground. 
[0004] Radar systems also suffer from the require- 
ment of having a coherent source and the need to fre- 
quency sweep. This is costly and can also prove trou- 
blesome if unobtrusive, covert, detection is required. It 
is relatively easy to detect a coherent source as they do 
not frequently occur in nature. Radar systems also have 
output powers in the mW to MW range which makes 
them easy to detect, use power at significant levels, and 
create electromagnetic pollution. 
[0005] Radar systems also rely on complex switching 
and time gating technologies which result in complicat- 
ed operational and maintenance requirements. The 
complicated technologies associated with radar sys- 
tems mean that the bandwidth of radar sources are lim- 
ited and therefore the spatial resolution of radar tech- 
niques are also limited. 

[0006] Many radar systems send out a coherent sig- 
nal, with associated frequency hopping and scrambling 
in order to make it look like noise, and detect the reflect- 
ed radiation. 

[0007] Passive mm wave radiometry has been used 
in the detection of objects in a scene by utilising the con- 
trast in radiation temperatures between the object and 
its surroundings when illuminated by a natural source, 
for example solar or thermal background radiation. It 
has also been proposed for use in detecting concealed 
(e.g. buried or obscured by vegetation) objects. This 
technique is limited in its depth sensitivity to approxi- 
mately 2 cm and also suffers from having a low signal 
to noise ratio (e.g. approximately 0.05 in some exam- 
ples). 

[0008] Examples of results of tests of passive mm 
wavelengths concealed object detection can be found 
in the proceedings of SPIE Aerosense Conferences of 
1998 and 1999 authored by N.A. Salmon and N.A. 
Salmon, S. Price and J. Borrill respectively. 
[0009] In the field of airport security a great deal of 



emphasis has been placed on the detection of weapons 
and explosives in order to prevent terrorist attacks. The 
current technique for detecting explosives entails the 
use of a "sniffer" sensor to sample the air in order to 

5 detect volatile components of an explosive. This is lim- 
ited in that it is invasive, and can give no idea of the size 
and shape of the device which has been sensed. Mag- 
netic field sensing devices are also used to detect metal 
weapons in airport security. 

10 [0010] Another area where seeing through things is 
very useful is in all weather/bad weather imaging sys- 
tems, for example for flying. This is of particular rele- 
vance to helicopters which do not use radar due to the 
highly cluttered environment in which they operate and 

15 difficulties in interpreting radar returns due to helicopters 
unique trajectories. 

[0011] Detecting cables or pipes underground can be 
difficult if they are not metal (e.g. plastic pipes, concrete 
pipes, fibre optic cables). 

20 [001 2] Medical imaging systems using visible and in- 
fra-red radiation are known, as source intensities are 
high and the detector technologies are well developed. 
They are of limited use for foreign body detection as 
Rayleigh scattering from body tissues is very large and 

25 it is therefore extremely complex and difficult to obtain 
spatial information from such systems. 
[0013] It is an object of the present invention to pro- 
vide a new object detection apparatus which, at least in 
some embodiments at least partly a meliorates at least 

30 one of the aforementioned problems or disadvantages. 
[0014] It is a further object of the present invention to 
provide a new method of object detection which, at least 
in some embodiments at least partly ameliorates at least 
one of the aforementioned problems/disadvantages. 

35 [001 5] According to a fi rst aspect of the present inven- 
tion there is provided an object detection apparatus in- 
cluding a detection arrangement adapted for use with a 
radiation source, the detection arrangement having a 
tunerto vary a coherence length associated with incom- 

40 ing radiation, the detection arrangement being adapted 
to detect radiation that emanates from a cavity defined 
by two surfaces or interfaces spaced apart by a distance 
less than the coherence length. 
[0016] Preferably the detection arrangement has an 

45 emitter of radiation. The emitter may be provided at gen- 
erally the same position as the detection arrangement 
feed, on alternatively laterally spaced from the detection 
arrangement feed. The emitter may not be an integral 
part of the detection apparatus, but could be removable 

so (and spaceabie therefrom), or could be a separate ele- 
ment. 

[0017] It will be appreciated that the cavity need not 
be hollow but may be solid or hollow and may define an 
object. The object may be something buried in the 
55 ground, or the Earth's surface orthe surface of any plan- 
et. 

[001 8] The tuner is preferably adapted to vary a band 
pass range of frequencies. 
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[0019] The radiation source may be polychromatic. 
The radiation source may be associated with the detec- 
tion apparatus, and may be part of the detection appa- 
ratus. The radiation source may be associated with the 
detection arrangement. If the radiation source is asso- 
ciated with the detection apparatus it may form an irra- 
diating spectral radiometer. The radiation source may 
comprise part of the detection apparatus circuitry. The 
radiation source may be an amplifier, or alternatively 
may be a resistor. The radiation source may emit ther- 
mal radiation. The radiation may be polarised in any one 
of s-, p- or circular polarisations. The radiation source 
may have an output in a range generally at any one of, 
or between any pair of, the following frequencies: 
>1THz, 1THz, 500GHz, 100GHz, 94GHz, 90GHz, 
75GHz, 50GHz, 40GHz, 35GHz, 30GHz, 10GHz, 3GHz, 
1GHz, <1GHz. Radiation at these frequencies has the 
advantage of that many materials are effectively trans- 
parent, such as, for example, clothing, whilst it has a 
significant penetration depth in other materials, such as, 
for example soil and concrete. 
[0020] Alternatively the radiation source could be a 
natural radiation source such as, for example, the sun 
or the sky. As both day and night skies illuminate a scene 
with mm/cm radiation the time of day becomes irrelevant 
in object detection. 

[0021] The detection arrangement may comprise a 
single sensor or an array of sensors. The detection ar- 
rangement may include a feed. The detection arrange- 
ment may be a radiometer. The radiometer may have a 
plurality of sensors, which may form individual data 
channels. The sensors may have a conical field of view. 
[0022] The detection arrangement may have associ- 
ated amplification means. The amplification means may 
emit broadband noise, in use. The broadband noise may 
be thermal noise or may be Johnson like noise. The 
broadband noise may pass out of the detection arrange- 
ment and illuminate a detection volume, in use. For ex- 
ample there may be a detection arrangement feed, or 
horn, and emitted radiation may leave the horn and de- 
tected radiation enter it. The amplifier may act as a ra- 
diation source, in use. This has the advantage of in- 
creasing the radiation levels in order than an improved 
signal to noise ratio can be achieved in the detection of 
an object Each channel may have the same amplifier 
or they may have separate amplifiers. 
[0023] The radiation power due to the radiation 
source is typically within the range 1 0OpW to 1 nW. This 
is a level comparable with background radiation levels 
and is therefore difficult to detect. The radiation source 
may have a radiation temperature in a range between 
any two of the following <50K, 50K, 1 00K, 200K, 300K, 
400K, 500K, 600K, 700K 750K or >750K. A radiation 
source of a higher radiation power than those listed may 
be used, however higher power levels are typically not 
required for most applications due to low cavity losses. 
[0024] The tuning means may be an electronic circuit. 
The tuning means may include a digital sampling de- 



vice, for example a fast analogue to digital converters 
(ADC). Alternatively the tuning means may employ 
switchable filters, for example in filter banks. The tuning 
means may employ surface acoustic waver analysers 
5 or a spectrum analyser. The tuning means may vary the 
bandwidth of the detection arrangement. 
[0025] The varying of the bandwidth of the detection 
arrangement may vary the apparent coherence of the 
scattered radiation detected by the detection arrange- 
to ment. Varying the bandwidth of the detection arrange- 
ment may vary a coherence length associated with the 
detection arrangement. There may be provided a mul- 
tichannel detection arrangement, each individual chan- 
nel may have an individual coherence length associated 
is with it. The coherence length may be defined by the 
spectral width of each channel of the detection arrange- 
ment, spectral receiver. The coherence length may de- 
fine the size of the cavity active in a standing wave. The 
bandwidth may be in a range between any two of the 
20 following <3MHz, 3MHz, 50MHz, 100MHz, 300MHz, 
500MHz or 1 GHz, or >IGHZ. By varying the bandwidth 
of the detection arrangement only radiation in the pass 
bandwidth is amplified selectively over other frequen- 
cies that may be present, and so the apparatus effec- 
ts tively looks for radiation having a certain frequency. 
[0026] The apparatus may image the object. The im- 
age may be a real-time image. 
[0027] The whole of the bandwidth may be sampled 
simultaneously. Such simultaneous sampling of the 
30 whole of the bandwidth may reduce the integration times 
required over existing systems. 
[0028] The radiation emitted by the radiation source 
may cause a plurality of standing waves to be formed 
within the cavity. The radiation emitted by the source 
35 may have a frequency below 8GHz. 

[0029] The two surfaces may be surfaces of any two 
of the following: air, vacuum, metal, plastic (including all 
man made polymeric materials), wood, soil, sand, tar- 
mac, concrete, cloth, paper composite materials oraflu- 
40 id, or an interface between two dissimilar materials. 
[0030] The detection arrangement may be arranged 
to detect linear polarisation, preferably as a function of 
angle. This allows configurational information of the ob- 
ject to be obtained, for example if substantially or com- 
45 pletely spatially incoherent radiation is used to illuminate 
it. Alternatively an imaging polarimeter may be used in 
order to measure the full Stokes vector of the radiation. 
[0031] The detection arrangement may be arranged 
to detect left handed, or right handed circularly polarised 
so radiation. If the object is illuminated with circularly po- 
larised radiation this will allow configurational informa- 
tion to be obtained, such as, for example, if an object is 
long in one direction and short/narrow in another, for ex- 
ample a wire. Non-polarised radiation may reflect from 
55 an object with partial linear polarisation. 

[0032] The object may be buried in the ground. Alter- 
natively it may be concealed under clothing, or inside a 
human body. The object may be obscured by cloud or 
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other natural phenomenon. The object may even be in 
a separate room or building from the detection arrange- 
ment. The penetration of mm/cm wavelength radiation 
through materials will allow this. 
[0033] The object may contain explosives. The object 
may be made predominantly of non-metal (e.g. plas- 
tics). The object may be a landmine. The object may be 
contraband e.g. drugs or weapons. The object may be 
a wire. 

[0034] The object may be a foreign body in a wound. 
There may be provided means to image the object. Ex- 
tracting glass or plastics fragments from a wound is not 
easy because it can be hard to see them. 
[0035] There may be provided a discriminator to dis- 
criminate between metallic and non-metallic objects and 
to discriminate between different non-metallic objects, 
for example in the field of collision avoidance. The dis- 
criminator may be a variably polarisable fitter. The posi- 
tion of the discriminator may be maintained relative to a 
vehicle upon which it is mounted. 
[0036] The apparatus may be incorporated or form a 
security sensor, for example at an airport. 
[0037] The apparatus may be used to measure the 
real and complex components of the relative permittivity 
of the object. This measurement may allow the discrim- 
ination of different types of material, for example the di- 
electric constant of soil varies from (2.6,0.02) for com- 
pletely dry earth to (22,5) for moisture saturated soil. 
Plastics have typical dielectric constants in the range 
(2.6-3.6, <0.1). Metal has a typical dielectric constant 
(1 , 1 0 6 ) making them almost perfect reflectors in the GHz 
region. 

[0038] The use of two spaced apart radiation sources 
having the same frequency to illuminate the object may 
create interference fringes on an object. This would al- 
low the detection of objects concealed under, for exam- 
ple clothing. The position of the fringes may indicate the 
shape and/or spatial extent of the concealed object. The 
position of the fringes may allow the detection of explo- 
sives. 

[0039] The detection arrangement may be directed di- 
rectly above the position of the time of the object to be 
detected, directly above the material above the object 
that is hiding the object, or it may be directed at an acute 
angle to the general position of the object. The emitter 
may also be at an acute angle to the normal to the ma- 
terial that hides the object, possibly to the other side of 
the normal. 

[0040] The apparatus may be portable. The appara- 
tus may weigh 1kg or less, 2kg or less, 5kg or less or 
10kg or less. The apparatus may be mounted on a ve- 
hicle, such as for example an aircraft, a helicopter or a 
car. The apparatus may, in use, measure distances. 
[0041 ] There may be software associated with the de- 
tection arrangement or a processor which receives sig- 
nals from the detection arrangement. The software may 
process the signals received by the detection arrange- 
ment. The processing may involve calculation of the di- 



electric constant of the object. The processing may fur- 
ther involve comparison of the dielectric constant of the 
object (or of other received signal characteristics) with 
a database of in order to ascertain information about the 
5 object, for example the material of which the object is 
made. 

[0042] There may be provided at least two spaced 
apart radiation outputs. The outputs may receive the ra- 
diation from a single source. The radiation may interfere 
10 on a subject, in use. The interference may yield infor- 
mation as to the configuration of an object concealed on 
the subject. 

[0043] According to a second aspect of the present 
invention there is provided a method of detecting an ob- 
15 ject including the steps of: 

i) providing a detection arrangement adapted for 
use with a radiation source; 

20 \\) tuning a bandwidth associated with the detection 
arrangement thereby varying a coherence length 
associated with the detector; and 

iii) detecting resonant, reflected radiation from a 
25 cavity defined by two interfaces or surfaces spaced 
apart by a distance less than the coherence length. 

[0044] The method may include a step of providing 
the radiation source in association with the detection ar- 
30 rangement. The method may include providing the ra- 
diation source as an element of the detection arrange- 
ment circuitry, for example an amplifier. The method 
may include emitting thermal like radiation from the ra- 
diation source. 

35 [0045] The method may include polarising this radia- 
tion in any one of the following: s, p, right or left handed 
circular polarisations. Vertical polarisation may be used. 
The modulation of polarisation between vertical and hor- 
izontal polarisations may allow discrimination between 

40 dielectrics and metals. 

[0046] The method may include providing the detec- 
tion arrangement as either a single element or a multiple 
element array. The method may include providing the 
detection arrangement in the form of a radiometer. Each 

45 detection arrangement element may have an individual 
coherence length associated with it. 
[0047] The method may include scattering the radia- 
tion such that it Interferes. The method may further in- 
clude scattering the radiation such that It forms standing 

so waves either within the object or between the interface 
of the two media and the object or both of the aforemen- 
tioned cases. The method may further include forming 
a plurality of standing waves. The two interfaces or sur- 
faces could comprise any tow of the following: top sur- 

55 face of object, bottom surface of object, first surface of 
object, second surface of object, interface between ma- 
terial covering the object and another medium (e.g. soil/ 
air), surface detection arrangement; interface between 
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two strata of different materials. 

[0048] The method may include imaging a concealed 

object. 

[0049] The method may include the step of varying an 
optical path length of radiation thereby altering the 
phase of the detected radiation relative to the emitted 
radiation. This may allow calibration of the detection ar- 
rangement. 

[0050] The method may include the steps of calculat- 
ing the dielectric constant of the material of the object, 
or of the material that cover it/is next to it, from the re- 
flected radiation and may involve calculating the spac- 
ing of the two surfaces. 

[0051] There may be more than two surfaces reflect- 
ing radiation, and there may be more than one interface 
- interface distance, and more than one material capable 
of being dimensioned and/or analysed, and/or depth-as- 
sessed. 

[0052] The method may further include the step of 
processing data indicative of the detected radiation. 
[0053] The step of processing the data may include 
removing a d.c. component therefrom and measuring 
an oscillation amplitude. 

[0054] The processing of the data may also include 
fitting the data to establish a thickness and/or relative 
permittivity of a material which, at least partially, fills the 
cavity. 

[0055] Alternatively, the method may include d.c. cou- 
pling the detection arrangement and utilising an abso- 
lute signal level to be processed. 
[0056] The method may include direct digitisation of 
an incoming reflected wavefront to provide a digital sig- 
nal. 

[0057] The method may further include digital 
processing of the digital signal in orderto obtain a power 
spectrum, typically using a fast ADC. 
[0058] The method may yet further include averaging 
a series of power spectra. 

[0059] According to a third aspect of the present in- 
vention there is provided a method of detecting an object 
in a wound comprising the steps of: 

i) irradiating the wound with thermal-like radiation; 

ii) collecting reflected, resonant radiation; 

iii) analysing said radiation to determine the dielec- 
tric properties of a detection volume; and 

iv) discriminating between the object and surround- 
ing tissue. 

[0060] The method may include mapping the detec- 
tion volume so as to image the detection volume. 
[0061] Irradiating the wound with thermal-like radia- 
tion may comprise using a specific irradiator/emitter, or 
natural ambient radiation may suffice. It is envisaged 
that an emitter would usually be provided. 



[0062] The method may include avoiding direct con- 
tact with a patient/patients wound. 
[0063] The radiation may be mm/cm wavelength ra- 
diation. 

5 [0064] According to a fourth aspect of the present in- 
vention there is provided a method of distance meas- 
urement including the steps of: 



i) providing a radiation source; 
10 ii) emitting radiation; 

iii) detecting radiation resonantly, reflected from a 
surface; and 

iv) processing a signal indicative of the detected ra- 
diation to provide a measure of the distance be- 

15 tween the radiation source and the surface. 

The radiation source may be provided on a ve- 
hicle, for example an aircraft, a helicopter or a car. 

[0065] The surface may be the ground, or may be a 
20 surface of a second vehicle. Small changes in the dis- 
tance between the source and the surface may be 
measured, allowing vibrometry to be performed. 
[0066] According to a fifth aspect of the present inven- 
tion there is provided a method of concealed object de- 
25 tection comprising the steps of: 

i) emitting radiation of a first frequency; 

ii) creating a standing wave, from said radiation, be- 
tween first and second reflectors in an observed 
scene, the standing wave being of a second fre- 
quency; 

iii) detecting the radiation at the second frequency; 
and 

iv) evaluating the distance between the first and 
second reflectors using knowledge of the first and 
second frequencies. 

40 

[0067] Preferably the first and second frequencies 
may be different. There may be provided a tuner. This 
tuner may determine what range of frequencies, band- 
width, is detected. The bandwidth may determine a 
45 maximum distance between the reflectors which may be 
evaluated. 

[0068] According to a sixth aspect of the present in- 
vention there is provided a millimetre wave imaging se- 
curity scanner comprising an object detection apparatus 

so according to the first aspect of the present invention. 
[0069] Such a security scanner allows the detection 
and identification of a threat by analysis of frequency 
structure within spectrum arising from the broadband ra- 
diation impinging upon a subject and threat. 

55 [0070] The scanner may include a large area radiation 
source, typically the area of the source is »X 2 and may 
be of the order of several m 2 . The radiation source may 
be a quasi-thermal radiation source. 



30 



35 



5 



EP 1 338 902 A1 



[0071] The detection arrangement may comprise a 
millimetre wave imaging system. The detection arrange- 
ment may comprise a radio frequency filter bank, typi- 
cally including at least one comb filter The detection ar- 
rangement may be arranged to generate a pixeiated im- s 
age of a scene, at least one comb filter may be arranged 
to detect frequency structure within a pixel of the image, 
the frequency structure typically corresponding to cavi- 
ties formed by a layer of clothing, explosive material, an 
explosive device, a firearm, a blade or any other weapon 10 
and a subject's body. 

[0072] The interfaces may be formed between any 
two, or more, of the following: subject's body, subjects 
clothing, explosive material, explosive device, firearm, 
blade, any other weapon. 15 
[0073] According to another aspect of the present in- 
vention there is provided an object detection apparatus 
including a detection arrangement adapted for use with 
a radiation source, the detection arrangement having a 
tuner to vary a coherence length associated with the de- 20 
tection arrangement, the detection arrangement being 
adapted to detect radiation emanates from a cavity de- 
fined by two surfaces or interfaces spaced apart by a 
distance less than the coherence length. 
[0074] According to a further aspect of the present in- 25 
vention there is provided a method of detecting an object 
including the steps of: 

i) providing a detection arrangement adapted for 
use with a radiation source; 30 

ii) tuning a bandwidth associated with the detection 
arrangement thereby varying a coherence length 
associated with the detector; and 

35 

iii) detecting resonant, reflected radiation from a 
cavity defined by two interfaces or surfaces spaced 
apart by a distance less than the coherence length. 

[0075] The invention will now be described, by way of *o 
example, with reference to the accompanying drawings 
in which: 

Figure 1 is a schematic representation of a con- 
cealed object detection apparatus according to an « 
aspect of the present invention; 

Figure 2 is a schematic representation of an active 
concealed object detection apparatus according to 
an aspect of the present invention; so 

Figure 3 is a schematic representation of the phys- 
ical processes involved in the concealed object de- 
tection apparatus of Figures 1 and 2; 

55 

Figure 4 is a schematic amplitude versus frequency 
plot for an object detected by an apparatus accord- 
ing to an aspect of the present invention; 



Figure 5 is a schematic representation of a fringe 
generating arrangement according to an aspect of 
the present invention; 

Figure 6 is a schematic representation of a wound 
scanning arrangement incorporating the present in- 
vention; 

Figure 7 is a schematic representation of an em- 
bodiment of a range finder/collision avoidance ar- 
rangement incorporating the present invention; 

Figure 8 is a schematic representation of a linear 
polarisation exciterfor object orientation discrimina- 
tion; 

Figure 9 is a schematic representation of a circular 
polarisation exciter for object orientation discrimina- 
tion; 

Figure 10 is an amplification arrangement for emit- 
ted circularly polarised radiation; 

Figure 11 is an amplification arrangement for emit- 
ted linear polarised radiation; 

Figure 12 is a schematic representation of detec- 
tion of a wire using incoherent incident radiation; 

Figures 13 (a & b) are schematic representation of 
a polarimetric view of a scene containing houses 
and a vehicle in (a) horizontal polarisation (b) verti- 
cal polarisation. 

Figure 14 is a schematic representation of a Cas- 
segrain detection arrangement; 

Figure 15 is a schematic representation of a pola- 
rimeteric sensitivity arrangement, in use, with the 
detection arrangement of Figure 14; 

Figure 16 is a schematic representation of an em- 
bodiment of a range finder/collision avoidance ar- 
rangement incorporating the present invention; 

Figure 1 7 is a schematic representation of a yet fur- 
ther embodiment of a range finder/collision avoid- 
ance arrangement incorporating the present inven- 
tion; and 

Figure 18 is a schematic representation of a milli- 
metre wave imaging security scanner according to 
at least an aspect of the present invention. 

[0076] The passive concealed object detection appa- 
ratus 1 0 of Figure 1 , comprises a detector arrangement 
12 which includes a waveguide horn 14, a coaxial cable 
16 linking the waveguide horn 14 to a multichannel nar- 
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row band radiometer 1 8. Signals from the radiometer 1 8 
are passed to a fringe detector 20 and the output from 
the fringe detector 20 is passed to a processor22 having 
data interpretation software running thereon. 
[0077] Discrimination components 24 are mounted in 
the transitional region between the horn 14 and the co- 
axial cable 18. The nature and function of the discrimi- 
nation components 24 will be described hereinafter. 
[0078] An object 26 to be detected, for example a 
bone or an explosive device, lies at a depth, d, beneath 
a surface 28, for example of soil, of clothing or of pack- 
aging. 

[0079] This detection arrangement will be effective for 
both passive and active cm/mm wavelength object de- 
tection systems. 

[0080] Figure 2 shows an active object detection ap- 
paratus 30. The apparatus 30 comprises a feed horn 32, 
a wide band radio-frequency amplifier 34 and a spectral 
radiometer 36. The spectral radiometer 36 includes a 
radio-frequency band pass filter 38. 
[0081] In use, the amplifier 34 generates broadband 
thermal, or Johnson, noise, a portion of which is passed 
forward to the radiometer 36 and forms part of the usual 
noise associated with the radiometer 36 electronic cir- 
cuitry. 

[0082] However, a fraction of the amplifier 34 noise, 
T N , is passed backwards out of the feed horn 32 and 
illuminates a detection area 40. The illumination of an 
object to be detected by broadband microwave and mil- 
limetre wave radiation results in the formation of stand- 
ing waves 41 (radiometric cavity fringes). In the example 
of Figure 3 it is the standing waves 41 associated with 
a cavity (or object) 42 which are desired to be detected. 
The emitted noise, T N , can be modulated, possibly by 
the use of a variable gain amplifier to amplify the John- 
son noise from a resistor, to increase the visibility and 
cause phase reversal of the fringes. The amplifier 34 
effectively acts to excite a large number of fringes via a 
leaky waveguide. 

[0083] It is envisaged thatthe radiation source, for ex- 
ample the amplifier, need not be directly associated with 
the detection arrangement but may be spaced apart 
from it in a so called bi-static arrangement. This has the 
advantage that due to aspect ratio considerations the 
detection area is reduced and spatial sensitivity is en- 
hanced. 

[0084] A coherence length, associated with the appa- 
ratus 10 or 30, is set by the filter 38 in accordance with 
the following: 

' c Afn' 

where l c is the coherence length 

c is the speed of light (in vacuo) 

Af is the band pass filter bandwidth. 

n' is the real part of the refractive index of the me- 



dium. 

[0085] It is the coherence length which defines the 
size of the cavity active in the standing wave and it is 
s defined by the spectral width of each channel in the de- 
tector. Effects due to etalons or cavities that are longer 
than the coherence lengths will not be detected. It is pre- 
ferred to set the coherence length to be several times 
the estimated cavity size in order to excite more than 
10 one standing wave. This also allows the resolution of 
the radiometric cavity fringe in the frequency domain. 
[0086] It will be appreciated that if the distance from 
the detector 30 to the surface of the ground 40 (size of 
cavity) is longerthan the coherence length than the pre- 
15 cise size of this distance does not matter. This enables 
the detection arrangement to be hand-held, or vehicle 
mounted (e.g. helicopter or car). 
[0087] The feed horn 32 not only emits the amplifier 
noise, T N , but also collects the radiometric cavity fringes 
20 caused by the standing waves and passes them to the 
amplifier 34 and radiometer 36. It is at the radiometer 
36, in the filter 38, that the coherence length selectivity 
is imposed. A typical bandwidth of 40GHz allows a spa- 
tial resolution of a few millimetres. 
25 [0088] The front end (feed horn 32) reflectivity of the 
radiometer can be increased to effectively enhance the 
radiometric cavity fringes as this would effectively in- 
crease the output from the feed horn 32. In the case of 
weak cavity effects it is envisaged that an amplifier could 
30 be placed between the object and the radiometer in or- 
der to compensate for the reduced signal entering the 
radiometer due to the increased front end reflectivity. 
[0089] If direct detection of circularly polarised radia- 
tion is desired a spiral antenna could be used instead of 
35 the feed horn 32. Other possible antennae include cy- 
lindrical dipoie, Yagi, microstrip, end fire helical, biconi- 
cal, log periodic, bow tie, TEM and Vivaldi. 
[0090] Figure 3 shows details of the processes in- 
volved in radiometric cavity fringe formation and object 
40 detection. Broadband thermal radiation 44 is transmit- 
ted from a source, (not shown) for example the sky, or 
an amplifier or resistor associated with the apparatus 
10,30, through a first medium 46, this will typically, but 
not exclusively, be air, and enter a second medium 48, 
45 for example soil or clothing, but is typically opaque to 
visible light. An object 50 buried at a depth, d, below the 
interface between the first 46 and second 48 media con- 
stitutes a third medium and is typically made of plastic, 
metal, glass or bone (for example). 
so [0091] The apparatus 10,30 will typically be offset 
from the object by an angle, typically of the order of 30° 
(more generally in the range 20°- 40°), in orderto obtain 
effective illumination of the object 50 by the radiation 44. 
In a passive system 0° incidence angle will lead to ob- 
55 scuration of the source (the sky) by the apparatus 1 0,30 
relative to the object 50. Also the angle should not be 
close to 90° as the path length in the earth will be long 
and there would be significant absorption of the radia- 
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tion by the earth. In an active system, the incidence an- 
gle could be 0°, but there are reasons why an inclined 
angle may still be preferred in some situations. 
[0092] The broadband radiation 44 has frequency 
components in the microwave and millimetre wave re- 
gions of the electromagnetic spectrum. Standing waves 
(radiometric cavity fringes) 51 are set up within the sec- 
ond medium 48 between its interface with the first me- 
dium 46 and the object 50 by the radiation 44. These 
standing waves 51 are evanescent waves 52 outside of 
the second medium and result in (peaks and troughs) 
in an intensity versus frequency spectrum recorded at 
the detector. The standing waves occur with a periodic- 
ity given by: 



c is speed of light (in vacuo) 

n is refractive index of the medium 

d is distance over which interference occurs (depth 

of buried/concealed object or size of cavity). 

[0093] These standing waves 51 exhibit radiometric 
temperature variations in frequency space which can be 
assumed to be sinusoidal . Given a peak to peak radio- 
metric temperature modulation of T max -T min the radio- 
metric temperature variations of the standing waves, at 
a radiation frequency f , is given by: 



fd 

T(f) - (T ma ^T min ) sin (4nn c ) 

[0094] The refractive index of a medium can be meas- 
ured, for example by an electrical probe to measure the 
moisture content of earth. This may be used with an es- 
timated fringe spacing to estimate the depth, d. Thus the 
existence of the object, and its depth beneath the sur- 
face, can be established. 

[0095] The radiometric cavity fringes 51 are visible in 
frequency space and it is the spacing of the fringes in 
the frequency domain, is indicative of the thickness/ 
depth of the cavity/object being probed (and is a meas- 
ure of the real part of the dielectric constant of the ma- 
terial being probed) the amplitude of the oscillations of 
the fringes is a measure of the imaginary part of the di- 
electric constant of the material being probed. 
[0096] In order to determine the amplitude of the os- 
cillation of the radiometric cavity fringes the processing 
means must remove a d.c. background component from 
the amplitude vs frequency plot (as shown in Figure 4) 
and determine the oscillation amplitude with respect to 
a zero background level. Alternatively, the detector may 
be D.C. coupled which allows the absolute level of the 
signal to be used for analysis. In either case a fitting rou- 
tine can be used to estimate the thickness and relative 



permittivity of the material, thereby enabling substance 
identification (possibly from a library/look up table of "ex- 
pected" materials for objects of known kind). In addition 
or alternatively, the thickness of the object may be used, 

5 possibly with a look up table for "expected" classes of 
objects, to Identify the hidden object, or classify it. 
[0097] The measured radiation temperatures of the 
material being probed is determined by its reflection co- 
efficient which is a function of frequency for a cavity and 

10 therefore contains information concerning the complex 
relative permittivity of the material. Typically the abso- 
lute level of the radiation temperature yields information 
concerning the real component of the complex permit- 
tivity. 

15 [0098] If both the real and imaginary parts of the die- 
lectric constant are known of the cavity/object it is pos- 
sible to obtain information relating to the material which 
forms the object/cavity. For example, the real and imag- 
inary (eMe,") parts of a selection of materials areas fol- 

20 lows: plastic explosives ~ (2.9, 0.06); metals (1,10 6 ); 
plastics in the range (2.6, <0.1) - (3.6, <0.1); wet soil 
(22,5). 

[0099] The determination of material type can be car- 
ried out by comparison of measured real and imaginary 

25 dielectric constant values to known values stored in a 
'look-up' table or by any other convenient method. 
[0100] Once the type of material, i.e. dielectric con- 
stant, from which the object is made is known a more 
accurate determination of the depth, d, can be made. 

30 Metals, good conductors or water attenuate mm/cm 
waves very rapidly and therefore there is a very limited 
penetration depth, e.g. 0.2u,m in metals and 0.3 mm in 
water. 

[0101] Similar standing wave effects will occur be- 
35 tween the interface of the first 46 and second 48 media 
and the apparatus 10,30. There will also be standing 
wave effects within the object 50, provided that it is of 
finite depth. 

[0102] Such a system allows the depth of burial or 
40 concealment of an object d, to be determined by the out- 
put of the radiometer 36 being passed to a processor 
(similar or the same as that shown in Figure 1) which 
processes (e.g. counts) the radiometric cavity fringes 
and thereby determines the size of the cavity. The tech- 
45 nique allows the penetration of the medium to several 
times the skin depth. The precise depth of penetration 
is dependent upon the properties of the medium, fre- 
quency and magnitude of the irradiating noise temper- 
ature. 

so [0103] The coherence length of the apparatus 1 0,30 
is too short to detect the detection arrangement - object 
cavity, cavity 1 , but is long enough to detect the cavity 
defined by the object, cavity 2. Therefore, spatial selec- 
tivity and good spatial resolution can be achieved by this 

55 technique. Cavity 1 may be of the order of mm to metres 
in size. Of course, by varying the bandwidth of detected 
signals to be amplified it is possible effectively to vary 
the coherence length, and thereby look for different dis- 
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tances between two reflecting surfaces/interfaces, (pos- 
sibly the soil depth/depth in human tissue of an object). 
[0104] It is typical for passive systems that the radia- 
tion 44 has a temperature, Ts, which is less than that of 
the second medium 48, T A , and the object 50, T B . This 
can result in the emission of radiation 53 from the object 
50 and the second medium into the first medium 46. 
[0105] If a phase change is introduced in the first me- 
dium 46 the radiometric cavity fringe spacing will 
change. It is possible to phase sweep in order to nullify 
the fringes. The phase of the radiation is swept slowly, 
relative to the sweep time of the spectrum analyses, 
from O to 2n radians, whilst averaging the spectrum. 
This results in the fringes effectively being nulled whilst 
the envelope due to the object remains unchanged. 
Such a phase sweep would effectively measure the re- 
flectivity in a similar way to a voltage standing wave ratio 
(VSWR) measurement. This reflectivity would be meas- 
ured at each frequency and this frequency dependent 
reflectivity would contain the reflectivity information 
about the concealed object. 

[0106] The phase shift can be introduced by a time 
delay which may be induced by moving the apparatus 
towards/away from the medium 1 /medium 2 interface. 
A phase change of at least 211 should be introduced 

thus: 



aM GHz Ad = 



3x10° 



1x10* 



=0.3m 



[0107] Typically at a particular frequency a fringe will 
undergo maximum radiation temperature variation from 
a movement of one quarter of the wavelength. 
[01 08] It will be appreciated that it is not necessary to 
move the apparatus bodily towards and away from the 
object to create a phase change - increased optical path 
length can be achieved by causing radiation to follow an 
increasable path length in a phase change unit. This 
may involve mirrors and possibly a moving component, 
(e.g. linearly moving). 

[0109] Applying the phase sweeping for fringe nulling 
technique to plane earth which contains no buried ob- 
jects allows the frequency response of the apparatus to 
be calibrated. 

[0110] The apparatus can be calibrated by passing 
the detection arrangement over a medium which is 
known to contain no objects or a piece of absorbing ma- 
terial so that the signal level on all detection channels 
can be zeroed/a base level recorded. 
[01 11] The filtering of the radiation prior to detection 
allows partially coherent radiation to interfere. This par- 
tial coherence allows the advantages of both incoherent 
(mm wave) and coherent (radar) object detection/imag- 
ing systems to be had without the disadvantages of ei- 
ther. 

[01 1 2] Another advantage of such a system is that as 
the whole of the bandwidth is utilised simultaneously in- 



tegration times are minimised and therefore a desired 
signal to noise ratio can be achieved more quickly than 
in conventional systems, e.g. radar. 
[0113] A further advantage of wide bandwidth sys- 
5 terns is that remote narrow band sources will not cause 
a deterioration in the object detection capability of the 
system but will enhance the radiometric cavity fringes 
thereby improving the object detection capability of the 
system. 

10 [0114] it will be appreciated that in the case of a mul- 
tichannel radiometer each individual channel may have 
its own coherence length associated with it in order to 
allow simultaneous multiple depth probing. A multichan- 
nel radiometer may allow imaging of the detection vol- 
's ume. 

[0115] As the apparatus does not require natural illu- 
mination Its use is not restricted to the frequencies of 
atmospheric windows and it can be used indoors. Only 
a cavity which has a depth less than the coherence 
20 length set by the filter 38 can be detected by the appa- 
ratus 10,30. 

[0116] In order to enhance signal to noise ratio it is 
preferable to have an irradiation temperature which is 
at least twice the radiation temperature of the feedhom 
25 32 or a very low irradiation temperature, typically less 
than 150K. For example a practical arrangement may 
have an irradiation temperature of 1000K at the front 
end of a radiometer. 

[0117] Enhanced signal to noise ratios can also be 
30 achieved by moving the radiation source adjacent to, or 
being part of, the detection apparatus. Thus, radiation 
from the source would only enterthe apparatus after re- 
flection from this object. This would lower the total noise 
in the radiometer and enable higher power irradiation 
35 sources to be used. Preferably the peak to peak ampli- 
tude of the fringes is, for example, three times the radi- 
ometric noise. 

[0118] Direct digitisation of signals output by the RF 
amplifier can be used to produce a power spectrum and 

40 averaged over a time period. For example, a pulse 
length of 5-10 ns digitised at a rate of 20GHz over a 
period of several milliseconds results in several million 
spectra being averaged with a consequent improve- 
ment in signal to noise ratio of several thousand. 

45 [0119] The level of radiation emitted by the amplifier 
34 is typically 1 00 to 500 pW, assuming a sampling area 
of approximately 100cm 2 , this yields a radiation density 
of 5pw/cm 2 which is less than four times background 
radiation density levels, 1 .4pW/cm 2 , and approximately 

so six orders of magnitude lower than permitted UK Nation- 
al Radiological Protection Board (NRPB) safety levels 
of ~10mW/cm 2 . For example, a noise temperature of 
1 000K yields an irradiation power of approximately 1 40 
pw. 

55 [0120] The low levels of emitted radiation mean that 
this detection apparatus is ideal for covert/non-intrusive 
object detection as may be desired at airport security 
checks for example (or indeed security checks at other 
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places, such as buildings, transport terminals, or even 
mobile checkpoints). 

[0121] Figure 5 shows a phase scanning apparatus 
and method of object detection in which the use of a 
thermal noise source 54 and two emitters 55, 56 emitting 5 
a single frequency so as to, in use, Irradiate a subject 
57 (e.g human being security-screened) and a detector 
58. Interference fringes 59 can be formed on the subject 
57 due to the relative phase difference between the two 
beams from the emitters 55, 56. The path lengths be- 10 
tween each of the emitters 55, 56 and the subject 57 
should be identical and the bandwidth of the source 54 
should be such that there is substantially no interference 
with thermal background radiation by setting a detector 
bandwidth such that only radiation with a coherence is 
length similartothatof the subject is utilised. For exam- 
ple, clothes are transparent to millimetre radiation' but 
a human body is approximately 40% reflective and by 
generating fringes 59 of adequate spacing the three di- 
mensional shape of the body could be found. The de- 20 
tector 58 views the subject 57from between the emitters 
55, 56. The changes of fringe spacing upon the intro- 
duction of the subject 57 into the field of view of the de- 
tector 58 yields information regarding the shape of the 
subject 57. 25 
[01 22] If the subject 57 has an object 60, for example 
a dielectric such as an explosive device, or a plastics 
material knife, attached to It there will be a change in 
the path lengths between the emitters 55, 56 and the 
detector 58 and this results in the a change in the peri- 30 
odicity and shape of the fringes fringes 59, for example 
they move closer together and becoming increasingly 
circular if a plastics material is attached to a person. This 
is shown schematically by the dotted lines 61 in Figure 5. 
[0123] There may be an air gap between the subject 35 
57 and the object 60. Any air gap between the subject 
57 and the object 60 does not affect the detection proc- 
ess. 

[0124] The placing of fringes over an object can be 
used to render its three dimensional shape. *o 
[0125] This technique is applicable even when the ex- 
plosives are undetectable by conventional imaging 
techniques. Similarly, the above technique could be 
used to find weapons, or packages of drugs or other 
contraband outside or inside the body. The technique *s 
could also be used to scan packages. 
[01 26] A medical application of a mm/cm wavelength 
concealed object detection systems is in the detection 
of foreign bodies in wounds see for example Figure 6. 
Although the penetration of mm/cm wavelength radia- so 
tion is only a few cm it can be used to detect objects, 
such as, for example, plastics, which are difficult to de- 
tect by more conventional methods such as x-ray and 
ultrasound. It also has the advantage that there need 
not be contact between the detector and the patient, un- 55 
like ultrasound. The use of a small aperture, typically the 
same size as the wavelength of the radiation would en- 
able mm or sub-mm transverse resolutions. 
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[0127] Such systems as have previously been de- 
scribed also have use in altimeter systems, for example 
in helicopters and aeroplanes as they can provide dis- 
tance measurements accurate to a few cm, see, for ex- 
ample, Figure 7. They can also be used in forward look- 
ing collision avoidance systems. This will require the use 
of large coherence lengths, bandpass filter bandwidths 
and can be used in fog or cloud over a range of over 
1 000m with a precision of a few mm. 
[0128] The use of polarised radiation can yield further, 
configu rational, information about detected objects. In- 
deed it may be advantageous to make the detector sen- 
sitive to vertical polarisation as this has greater pene- 
tration into the ground when looking for buried objects. 
[0129] Figures 8 and 9 show polarisation discrimina- 
tion components 24 for linear polarised radiation and cir- 
cularly polarised radiation respectively. 
[0130] A linear polarisation discriminator 63 compris- 
es a first quarter wave plate 64 which is rotatable, adja- 
cent the feed 1 4, and a second fixed quarter wave plate 
66 which is adjacent the radiometer 18. 
[01 31 ] The first quarter wave plate 64 is rotated such 
that its fast axis selects the desired angle of the linear 
polarisation of the radiation to be detected. The radiation 
is circularly polarised intermediate the first and second 
quarter wave plates 64, 66. The fixed second quarter 
wave plate 66 imposes the desired linear polarisation 
upon the radiation prior to it passing to the radiometer 
18. 

[0132] The circular polarisation discriminator 67 com- 
prises a quarter wave plate 68 which is rotatable be- 
tween two positions 90° apart, adjacent the horn 1 4, and 
a fixed 45° Faraday rotator 70. 
[0133] The quarter wave plate 68 is used to select ei- 
ther of the two orthogonal polarisation modes of the ra- 
diation by the 90° rotation of its fast axis. The radiation 
is linearly polarised in the region intermediate the quar- 
ter wave plate 68 and the Faraday rotator 70. The Far- 
aday rotator 70 imposes the desired linear polarisation 
upon the radiation prior to passing it to the radiometer 
18. 

[0134] It will be appreciated that although described 
with reference to the apparatus of Figure 1 both the lin- 
ear and circular polarisation discrimination are applica- 
ble to any generalised concealed object detection sys- 
tem according to the present invention. 
[0135] It will also be appreciated that although refer- 
enced with respect to radiation entering the detection 
apparatus 10 the polarisation discriminators can be 
used to polarise the outgoing broadband thermal like 
amplifier noise radiation, T N . 

[0136] The ability to detect circular polarisation is par- 
ticularly advantageous as it allows the discrimination of 
natural and man made radiation sources. There are no 
or very few known terrestial natural sources of circularly 
polarised microwave or millimetre wave radiation. Thus 
any such circularly polarised radiation must be man 
made. 
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[0137] Alternatively, It is possible, as shown in Figures 
1 0 and 1 1 , to increase the amplification of either a linear 
or circularly polarised output by the use of a radio fre- 
quency amplifier. 

[01 38] A linear polarisation amplification arrangement 
74 comprises a 45° Faraday rotator 75 between the horn 
14, a waveguide/coaxial cable transition region 76, a 
spur 78 and a radio frequency amplifier 80. 
[0139] The incoming radiation passes through the 
Faraday rotator 75 and the transition region 76. A por- 
tion of the radiation is branched off from the main coaxial 
cable down the spur 78 and passes through the amplifier 
80, the remainder of the radiation being passed to the 
radiometer 18. 

[01 40] The amplified portion of the radiation is passed 
through the transition region 76 and Faraday rotator 75 
to be emitted from the horn 14. 
[0141] This results in an increase in the size of the 
radiometric fringes detected and avoids the detection of 
signals which have exited the amplifier and passed back 
to the horn 1 4 which have not struck the object to be 
detected. 

[0142] An arrangement for the emission of circularly 
polarised radiation is shown in Figure 1 1 and is substan- 
tially the same as that for linearly polarised radiation with 
a quarter wave plate 82 replacing the Faraday rotator 
75. 

[0143] Polarisation dependent effects can be used to 
enhance the contrast of objects and also to gain config- 
uration al information regarding an object. 
[0144] For example, non-buried objects, plastic and 
wood, have been imaged in both horizontal and vertical 
radiation polarisations against a background of tarmac. 
There were significant differences in the apparent tem- 
peratures when viewed using the different polarisations. 
It is therefore possible that a multiple polarisation pas- 
sive millimetre -wave sensor could reduce background 
clutter and increase the visibility of objects due to their 
polarisation dependent temperature variation. If the ob- 
ject were viewed with the radiation polarisation at or 
near to the optimum for the material from which the ob- 
ject were made observed contrast differences could be 
maximised and detection probabilities increased. 
[0145] As a further example of polarimetric detection, 
if an object were illuminated with right handed circularly 
polarised radiation and the reflections are observed at 
normal incidence to the object a plane surface will reflect 
left hand circularly polarised radiation. The objects are 
usually curved and therefore have very few areas that 
are normal to the viewing direction. However, a thin 
elongate object such as, for example, a wire having a 
width that is less than the wavelength of the incident ra- 
diation, will reflect right hand circularly polarised radia- 
tion. This would allow, for example, pilots to detect trans- 
mission lines as the individual strands of wire are typi- 
cally a couple of mm thick, or for the detection of wires 
or pipes running within internal walls of a building. Un- 
polarised radiation reflected from a wire will reflect with 



partial linear polarisation, as shown in Figure 12. The 
detection system could be arranged to detect linear po- 
larisation as a function of angle or an imaging polarim- 
eter could be arranged to measure the full Stokes vector. 

5 This allows the detection of, for example, buried or hid- 
den wires, trip wires, communication cables, bugging 
devices and high voltage cables for helicopter collision 
avoidance systems. Also irradiation of an object with cir- 
cularly polarised light and measurement of the reflected/ 

10 scattered radiation in the linear polarised mode is pos- 
sible. 

[01 46] Similarly, a polarimetric radiometer placed ad- 
jacent an object having a regular structure for example, 
struts in walls, can be used to determine the structure. 
15 As the linear polarisation angle of the radiation is varied 
the struts/ribs will appear as a regular pattern in the ra- 
diometric cavity fringe signal as a function is the polar- 
isation angle. 

[0147] Horizontally and vertically polarised radiation 
have differing reflectivities away from normal incidence 
detection which increases contrast in the s-polarisation 
but reduces it in the p-polarisation. The maximum angle 
of differences occurring when the angle of detection cor- 
responds to the Brewster angle. It can be arranged for 
an object to be effectively viewed at a large number of 
angles by rotating the object on a turntable, rotating the 
detector about the object or using a large number of an- 
gularly displaced receivers. This maximises the likeli- 
hood of the object being viewed at the angle of maxi- 
mum contrast. 

[0148] A benefit of polarimetry is that the reflections 
of dielectrics are strongly polarisation dependent and 
typically appear warmer in the vertical polarisation than 
in the horizontal polarisation and the contrast of metals 
is substantially polarisation independent. This is shown 
in Figure 1 3 (a&b) in which the 'cold 1 signature of a metal 
object remains when the detector is arranged to receive 
only vertically polarised radiation and the 'hot 1 signa- 
tures of non-metallic objects are excluded from detec- 
tion, whilst being detected when the detector is arranged 
to receive horizontally polarised radiation. 
[0149] Figure 14 shows a Cassegrain detection ar- 
rangement 99 comprising a primary reflector 100, a su- 
breflector 1 02, a rectangular feedhorn 1 04 and a detec- 
tion/filtering system 105. 

[0150] Adjustable linear polarimetric sensitivity is in- 
troduced by placing a rotatable half wave plate 1 06 in 
front of the feedhorn 1 04 as shown in Figure 1 5. Sensi- 
tivity to circularly polarised light can be introduced by 
the use of a quarter wave plate in place of the half wave 
plate 106. 

[0151] A multichannel detector can be configured 
such that a part of a scene which has been sampled in 
one polarisation can be sampled in another polarisation 
by a subsequent channel, typically the next/adjacent 
channel. This would reduce the delay between different 
polarisation samples of a point in a scene and conse- 
quently improve measurement accuracy and would also 
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reduce the necessity to alter wave plates in front of the 
feedhorn 106. For example an 8-channel detector may 
have two horns configured to receive horizontally polar- 
ised radiation, two horns configured to receive vertically 
polarised radiation, the two 45° linear polarisation states 
may be sampled by two horns and the left and right 
handed circularly polarised light by the remaining two 
horns. 

[0152] A staring system may rapidly spin the wave- 
plate and measure the temporal output of the channel 
which would allow the simultaneous detection of tempo- 
ral and polarimetric signatures. 
[0153] Meanderlines or dielectric plates with fins on 
one or both sides can be used to form waveplates at 
mm/cm wavelengths. 

[0154] A further application of mm/cm wavelength 
systems is in vibrometry when a vibrating object forms 
one end of a cavity. The movements of this object will 
be detected by the frequency shift of the fringes. As 
fringes exist at all frequencies simultaneously the data 
can be processed at all frequencies simultaneously 
leading to high signal to noise ratios and a high precision 
of displacement measurement e.g. 20000K, 40GHz 
bandwidth yields a displacement precision of 2um. 
[01 55] It is possible to calculate the angle between the 
ground and a surface, for example, the angle of a roof, 
the sides of buildings and vehicles by correlating the an- 
gle of polarisation of radiation which yields the minimum 
radiation temperature image. This may lead to the rec- 
ognition and identification of objects from the angular 
orientation of their surfaces. 

[0156] Thus, for example, a helicopter collision avoid- 
ance as shown in Figure 16 system may be horizontally 
polarised in order to give better contrast of roads and 
roofs. Such a system could employ a rotatable half- 
wave plate positioned in front of a main imager. Rotation 
of the half-wave plate by half of the roll angle of the air- 
craft would ensure that the plane of polarisation detect- 
ed would remain constant with respect to the ground and 
thus roofs and roads would continue to be Imaged when 
the aircraft is manoeuvred. 

[0157] Conversely, see for example Figure 17 a motor 
vehicle detection/avoidance system would benefit from 
being vertically polarised as this would reduce clutter 
from dielectrics such as roads, roofs etc. whilst still 
showing up metallic vehicle bodies. 
[0158] This effect can be used, for example, in airport 
security scanners where the modulation of the polarisa- 
tion of emitted radiation can lead to increased contrast 
and discrimination between dielectrics e.g. explosives 
and metals e.g. guns. 

[0159] Referring now to Figure 1 8, a millimetre wave 
imaging imaging security scanner 1800 comprises a 
quasi-thermal radiation source 1 802 and a multichannel 
passive millimetre wave imager 1804. The radiation 
source 1 802 is typically a large area source (source ar- 
ea»X. 2 , up to several m 2 ). The imager 1804 comprises 
a receiver array 1 805, a radio frequency (rf) filter bank 



1806, typically comb filters, a processor 1807 and a 
screen 1808. 

[0160] Usually, each receiver channel in the imager 
1804 will have comb filters to examine the frequency 
5 structure arising from cavity effects, for example due to 
layers of explosive and clothing against a subjects body. 
[0161] The radiation source 1802 emits broad band 
quasi-thermal radiation, which can be exploited in the 
far field and imaging applications. The emitted radiation 
io impinges upon a subject 1810 passing the scanner. 
Cavities are present between the layers of the subject's 
clothes 1812 and the subject 1810, these cavities give 
rise to radiometric cavity fringes as detailed hereinbe- 
fore. Should the subject 1 81 0 be carrying, for example, 
an explosive device 1814 concealed by their clothes 
1 81 2 characteristic radiometric cavity fringes will be pro- 
duced. 

[0162] The imager 1 804 receives the radiometric cav- 
ity fringes superposed upon the broadband quasi-ther- 
mal radiation and utilises the rf filter bank 1806 to re- 
move the quasi-thermal radiation background and de- 
tect the radiometric cavity fringe signals characteristic 
of, for example, the explosive device 1 814 or the clothes 
1812-subject 1810 cavity. 

[01 63] An analysed signal is passed to the processor 
1807 where further operations are carried out prior to 
outputting a millimetre wave image of a scene including 
the subject 1810 on the screen 1812, typically to be 
viewed by security personnel. 



Claims 

1. An object detection (10) apparatus including a 
detection arrangement (12) adapted for use with a 
radiation source (34), the detection arrangement 
(12) having a tuner means (38) to vary a coherence 
length associated with the detection arrangement 
(12), the detection arrangement (12) being adapted 
to detect radiation that emanates from a cavity (48) 
defined by two surfaces or interfaces (46,50) 
spaced apart by a distance less than the coherence 
length. 

2. Apparatus as claimed in claim 1 wherein the ra- 
diation source (34) is associated with the detection 
arrangement (12). 

3. Apparatus as claimed in either of claims 1 or 2 
wherein the radiation source (12) is adapted to emit 
thermal-like radiation in the range of the order of 1 
GHz and above to 1000 GHz frequency range. 

4. Apparatus as claimed in any preceding claim 
wherein the detection arrangement (12) is adapted 
to detect in use radiation resulting from standing 
waves (51 ) which are set up in use between the sur- 
faces or interfaces (46,50). 
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5. Apparatus as claimed in any preceding claim 
wherein the detection arrangement (12) is adapted 
to detect in use radiation resulting from standing 
waves (51 ) within the cavity (48). 

6. Apparatus as claimed in any preceding claim 
wherein the radiation source (34) is polychromatic 
and a plurality of standing waves (51 ) are formed in 
use. 

7. Apparatus as claimed in any preceding claim 
wherein the radiation source (34) provides incoher- 
ent radiation in use. 

8. Apparatus as claimed in any preceding claim 
wherein the detection arrangement (12) is a radi- 
ometer (36). 

9. Apparatus as claimed in any preceding claim 
wherein the detection arrangement (12) comprises 
an array of sensor elements (32). 
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10. An apparatus as claimed in any preceding claim 
wherein a power output of the radiation source (34) 

is less than 1 nW. 25 

1 1 . An apparatus as claimed in any preceding claim 
wherein the radiation is polarised. 



30 



12. An apparatus as claimed in any one of claims 2 
to 11 wherein the radiation source (34) is an ampli- 
fier. 

13. An apparatus as claimed in claim 12 wherein 
the amplifier (34) that amplifies detected signals al- 
so emits radiation in use. 



1 4. An apparatus as claimed in any preceding claim 
wherein two radiation sources (34) are provided 
and the radiation from the sources interferes, in use, 40 
on a surface of the cavity (48). 

1 5. An apparatus as claimed in any preceding claim 
wherein there are provided two radiation sources 
(34). 45 

16. A method of detecting an object including the 
steps of: 



(i) providing a detection arrangement (12) 
adapted to detect radiation from a radiation 
source (34); 

(ii) tuning a bandwidth associated with the de- 
tection arrangement (1 2), thereby varying a co- 
herence length associated with incoming radi- 
ation; and 

(iii) detecting resonant, reflected radiation (51) 
from a cavity (48) defined by two interfaces or 
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surfaces (46,50) spaced apart by a distance 
less than the coherence length. 



17. A method as claimed in claim 16 including the 
step of providing the radiation source (34) as an el- 
ement of the detection arrangement (12) circuitry. 

18. A method as claimed in either of claims 15 or 
16 wherein the radiation is thermal-like radiation in 
the 1 GHz to 1000 GHz frequency range. 

19. A method as claimed in any one of claims 1 6 to 

1 8 including the step of f orming standing waves (51 ) 
between the two interfaces or surfaces (46,50) and 
detecting the standing wave radiation. 

20. A method as claimed in any one of claims 16 to 

19 including the step of providing the detection ar- 
rangement (12) in the form of a radiometer (36). 

21 . A computer readable medium having a program 
recorded thereupon which program causes, in use, 
a processor or computer running the program to 
process an output from the apparatus (1 0) of any of 
claims 1 to 1 5 so as to produce an output interpret- 
able by a user to determine whether a concealed 
object is present. 

21 . A computer readable medium having a program 
recorded thereupon which program causes, in use, 
a processor or computer running the program to ex- 
ecute a method according to any one of claims 1 6 
to 21. 

22. A method of detecting an object in a wound com- 
prising the steps of: 

j) irradiating the wound with thermal-like radia- 
tion; 

ii) collecting reflected, resonant radiation; 

Hi) analysing said radiation to determine the di- 
electric properties of a detection volume; and 

iv) discriminating between the object and sur- 
rounding tissue. 

23. A method as claimed in Claim 22 wherein the 
method includes the step of mapping the detection 
volume so as to image the detection volume. 

24. A method as claimed in either of claims 23 or 
22 wherein the method includes the step of having 
no contact with a patient or the patient's wound. 

25. A millimetre wave imaging security scanner 
comprising an object detection apparatus as 
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claimed in any one of claims 1 to 15. 

26. A scanner as claimed in claim 25 comprising a 
large area radiation source. 

5 

27. A scanner as claimed in either of claims 25 or 
26 wherein the radiation source (34) is a quasi-ther- 
mal radiation source. 

28. A scanner as claimed any one of claim 25 to 27 10 
wherein the detection arrangement (12) comprises 

a millimetre wave imaging system. 

29. A scanner as claimed in any one of claims 25 

to 28 wherein the detection arrangement (1 2) is ar- » 
ranged to generate a pixelated image of a scene. 

30. A scanner as claimed in any one of claims 25 
to 29 wherein the interfaces (46,50) are formed be- 
tween any two of the following: subject's body, sub- 20 
jects clothing, explosive material, explosive device, 
firearm, blade, any other weapon. 
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Fig. 12. 
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